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Abstract 

Background: Current anti-cancer drug therapy results in systemic side effects due 
to non-specific uptake by normal healthy noncancerous tissues. To alleviate this 
difficulty, many attempts have been devoted to the development of new delivery 
systems such as polymeric Nanoparticles (NPs). In this study, we prepared ICD-85 
NPs based on sodium alginate and analyzed the cytotoxic activity of ICD-85 NPs 
relative to free ICD-85 on primary lamb kidney cells. 

Methods: ICD-85 loaded sodium alginate nanoparticles were prepared by ionic 
gelation method and were characterized by the particle size, size distribution and 
Fourier Transform Infrared (FT-IR) spectroscopy. The in vitro cytotoxicity was 
evaluated by MTT assay and membrane integrity was evaluated by measuring 
Lactate Dehydrogenase (LDH) activity. The morphological alterations of untreated 
and treated cells were assessed by light inverted microscope. 

Results: MTT assay showed that ICD-85 NPs could significantly decrease the in 
vitro cytotoxicity on primary lamb kidney cells compared to the free ICD-85. The 
ICio value at 72 hours was increased from 9±2.7 |Jg/ml for free ICD-85 to 
52±4.3 |Jg/ml for ICD-85 NPs. LDH assay demonstrated that free ICD-85 had 
dose-dependent cytotoxicity on primary lamb kidney cells while ICD-85 NPs 
exhibited significantly decreased cytotoxicity at equivalent concentrations. 
Moreover, morphological analysis showed no significant difference between 
control and treated cells with ICD-85 NPs. 

Conclusion: Based on the results obtained in the present study it can be concluded 
that encapsulation of ICD-85 with sodium alginate nanoparticles can reduce its 
necrotic effect on primary lamb kidney cells. 
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Introduction 

Most current anti-cancer agents do not greatly 
differentiate between cancerous and normal cells, 
leading to systemic toxicity and adverse effects [1]. 
With the aim of avoiding cancer therapy failure, 
several approaches such as design of new anti- 
cancer drugs, chemical engineering of conventional 
drugs and development of drug delivery systems 
have been proposed [2]. Recently, nano-particulate 
drug delivery systems containing anti-cancer agents 
have received much attention [3]. Polymeric 
nanoparticles among other systems such as drug- 
polymer conjugates, drug-loaded liposomes and 



polymeric micelles are promising solutions to the 
problem as within such formulations cytotoxic drug 
molecules are encapsulated and their release can be 
concentrated at tumor sites [4]. The currently 
approved nanoparticle systems have in some cases 
improved the therapeutic index of drugs by reducing 
drug toxicity or enhancing drug efficacy [5]. 
Paclitaxel (Taxol™) in a new formulation was 
conjugated to albumin nanoparticles (Abraxane™) 
has been approved by the FDA to treat metastatic 
breast cancer and side effects were fewer for new 
formulation than the conventional formulation [6]. 
Among the different carriers for controlled drug 
delivery, there has been rising interest in nano-sized 
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self-aggregates composed of natural 
polysaccharides such as alginate [7] and chitosan [8]. 
Alginate is well-known anionic polysaccharide and 
colloidal biocompatible macromolecules, which are 
inert in biological systems and do not affect cell 
viability [9, 1 0]. 

Our previous studies revealed an inhibitory effect of 
ICD-85 (venom derived peptides) on breast cancer 
cell line MDA-MB231 [11]. ICD-85 was also 
confirmed by in vivo studies to suppress the breast 
tumor in mice [1 2]. However since encapsulation of 
ICD-85 as nanoparticles may reduce its toxicity 
towards normal cells, hence the present study was 
undertaken to evaluate and compare the cytotoxic 
effect of ICD-85 versus ICD-85 encapsulated in 
sodium alginate nanoparticles on primary lamb 
kidney cells. 

Materials and Methods 

The active fraction of ICD-85 is a combination of 
three peptides, ranging from 1 0,000 to 30,000 Da, 
derived from the venoms of snake (Agkistrodon halys) 
and scorpion (Hemiscorpius lepturus) was obtained 
from Razi Vaccine and Serum Research Institute 
(Karaj, Iran). The cell culture medium (DMEM/F12), 
Fetal Bovine Serum (FBS), trypsin— EDTA, penicillin 
and streptomycin were provided by Gibco (USA). 
Sodium alginate and poly-L-lysine were purchased 
from Sigma-Aldrich Chemical (Germany). Calcium 
chloride, 3-(4, 5-dimethyl-thiazol-2-yl)-2, 5- 
diphenyltetrazolium bromide (MTT) and Dimethyl 
Sulfoxide (DMSO) were purchased from Merck 
(Darmstadt, Germany). Other chemicals used were of 
analytical grades. 

Preparation of ICD-85 NPs 

ICD-85 NPs was prepared by the ionic-gelation 
method [9]. Briefly, 2ml aqueous calcium chloride 
(0.2mg/ml) was added drop-wise to 8ml aqueous 
sodium alginate (I.Omg/ml) while stirring for 30 min, 
and then 4 ml poly-L-lysine solution (0.3mg/ml) was 
added and stirred for an additional 1 hour. 
Nanoparticles were separated by centrifuging 
(Ependorf, Germany) at 1 3,000rpm at 14°C for 30 
min, f reeze-dried, and stored at 4°— 8°C. The weights 
of freeze-dried nanoparticles were also measured. 
The ICD-85 loading nanoparticles were prepared 
with incorporation of sodium alginate solution, into 
calcium chloride solution containing 750|Jg/ml of 
ICD-85. 

Characterization of ICD-85 NPs 

The mean particle size and size distributions 
(Polydispersity Index (PDI)) of ICD-85 NPs were 



determined by Dynamic Light Scattering (DLS) 
technique using Zetasizer (Malvern Instruments, UK). 
The intensity of scattered light was performed at 
25°C and scattering angle of 90°C. 
The interactions between the different components of 
the nanoparticulate systems were analyzed by 
Fourier Transform Infrared (FT-IR). ICD-85 NPs were 
separated from the suspension by centrifugation 
(Ependorf, Germany) at 13,000 rpm and 14°C for 
30 min and lyophilized. These dried nanoparticles 
were mixed with Potassium Bromide (KBr) and 
pressed to the plate for measurements. FT-IR spectra 
were recorded on FT-IR spectrometer (FTIR- 
41 0®Jasco Colchester, UK). 

Encapsulation Efficiency and Loading Capacity 

The protein concentration was estimated by 
Bradford method at 595nm [1 3]. The amount of ICD- 
85 encapsulated in the nanoparticles was measured 
by calculating the difference between the total 
amounts of the ICD-85 added in the nanoparticle 
preparation solution and the amount of 
nonentrapped ICD-85 remaining in the clear 
supernatant after the centrifugation of samples at 
1 3000 rpm for 30 min at 5+3°C. The amount of free 
ICD-85 in the supernatant was estimated by the 
above mentioned method. The ICD-85 Encapsulation 
Efficiency (EE) and Loading Capacity (LC) were 
calculated according to the following equations: 
%EE= [(A-B)/A] XI 00 
%LC= [(A-B)/C] XI 00 

A = total amount of ICD-85 in added solution; B = 
total amount of ICD-85 in supernatant after 
centrifugation; and C = weight of the nanoparticles 
measured after freeze-drying [14]. 

Isolation and Culture of Primary Cells 

For the isolation of kidney cells, the excised kidney 
was minced with a scalpel, and tissue fragments 
were then incubated and agitated at 37°C in a 
collagenase-trypsin solution. Cells were washed three 
times in growth medium and recovered by 
centrifugation at 500rpm for 5 minutes, after each 
wash. Freshly isolated kidney cells were plated in 25 
cm 2 culture flasks (Nunc, Denmark) containing 5 ml 
growth medium (Basal medium DMEM/F12: 50:50 
mixture of DMEM and Ham's F12) supplemented with 
Penicillin (100 Units/ml), Streptomycin (100 |Jg/ml) 
and 10% (v/v) heat inactivated fetal bovine serum 
for 48 hours. The cells were grown in CO2 incubator 
(Memmert, Germany) at 37°C with 90% humidity 
and 5% C02. During subculture, cells were detached 
by trypsinization when they reached 80% conf luency 
and split (1:3). Growth medium was changed every 3 



152 



Iranian Journal of Cancer Prevention 



Comparative Cytotoxic Evaluation of Free and Sodium Alginate Nanoparticle-Encapsulated ICD-85.. 



days. All the experiments were carried out between 
passage nos. 1 to 3 [15]. 

Cell Viability Assay 

Cytotoxicity was assessed using a standard MTT 
colorimetric method described by Mosmann [16]. 
Briefly, cells were seeded at a density of 1 X 10 4 
cells/well in 96-well tissue culture plates (Nunc, 
Denmark). After 24 hours, the cells were treated with 
different concentrations of free ICD-85 and ICD-85 
NPs for 72 hours. The concentrations of ICD-85 NPs 
treatments were calculated in such a way to include 
equivalent amounts as free ICD-85 treatments. After 
the treatment, 20 |Jl of MTT dye solution (5 mg/ml in 
PBS, pH=7.4) was added to each well. After 4 hours 
of incubation at 37°C, the medium was removed and 
formazan crystals were solubilised with 200 |Jl of 
DMSO and the solution was vigorously mixed to 
dissolve the reacted dye. After 15 minutes, Optical 
Density (OD) values for each well were measured at 
570 nm using an ELISA plate reader (Dynex MRX II, 
USA). Cell viability was expressed relative to 
untreated cultures. The percentage of growth 
inhibition was calculated according to the formula: 
[1- (OD of treated/OD of control)] X100. Each 
experiment was performed using six replicates for 
each concentration and repeated in triplicate. Free 
ICD-85 and ICD-85 NPs ICio was determined as a 
concentration showing 1 0% cell growth inhibition as 
compared with control cell growth. 

LDH Leakage 

Lactate Dehydrogenase (LDH), an indicator of cell 
injury, was detected with an assay kit (CytoTox 96®, 
Promega, USA) according to the manufacturer's 
protocol. Samples from clarified medium of treated 
and untreated control wells were taken after 24 
hours of incubation and the LDH activity was 
measured associated with a fully automated 
microplate reader photometer (Bio-Tek, USA). 



Analysis of Morphological Changes 

For these experiments the primary lamb kidney 
cells were treated with 60 |Jg/ml of free ICD-85 and 
ICD-85 NPs in six-well transparent plates (Nunc, 
Denmark). After 24 hours exposure, the cell 
morphology was examined under an inverted light 
microscope (Olympus CK2, Japan). 

Statistical Analysis 

Experiments were carried out at least in triplicate 
and results were expressed as mean ± SD. Computer 
program (Graph Pad Prism) was used to calculate 
the ICio (10% inhibition of cell proliferation) values. 
In all cases, P<0.05 was considered statistically 
significant. 

Results 

Characterization of ICD-85 NPs 

The hydrodynamic diameter of the ICD-85 NPs 
and its distribution measured by DLS are shown in 
Figure 1. The mean hydrodynamic diameter of 
particle was approximately 320 nm. The 
polydispersity index of ICD-85 NPs was estimated to 
be 0.475. 

Loading Capacity (LC) and Encapsulation Efficiency 
(EE) were 86.24% (w/w) and 86.12% (w/w), 
respectively. 

FT-IR spectra of sodium alginate NPs and ICD-85 
NPs are shown in Figures 2A and 2B. 
The band around 3300—3400 cnr 1 range in the 
spectrum contributed O— H stretching and 
intermolecular hydrogen bonding. The peaks 
observed at 1400-1700 cm' 1 in the spectra 
represented peaks belong to the C=0 stretching 
(amide). The characteristic peak observed around 
1600 cm -1 (salt of carboxyl group) in the FT-IR 
spectrum of nanoparticles was attributed to the ionic 
interaction between these two reactive groups. 
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Figure 1. It shows size distribution of ICD-85 NPs. 
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Figure 2. It shows FT-IR spectra of sodium alginate NPs (curve A) and ICD-85 NPs (curve B). 



In Vitro Cytotoxicity Studies 

The cell viability was determined by MTT assay. 
The results of the cytotoxicity of free ICD-85 versus 
ICD-85 NPs on primary lamb kidney cells are 
presented in Figure 3. Treatment of cells with free 
ICD-85 concentrations less than 40fJg/ml did not 
have significant effect on cell proliferation activity. In 
contrast, treatment of cells with ICD-85 NPs 
concentrations even at 60 |Jg/ml did not affect the 
cell proliferation activity. Data obtained from this 
assay indicated a dose response relationship with 
regard to the cytotoxic property of free ICD-85. 
There was a gradual decrease in the viability of 
primary lamb kidney cells, with increasing 
concentrations of free ICD-85 whereas ICD-85 NPs 
showed a slight decrease in cell viability between 40 
|Jg/ml to 60 |Jg/ml (Figure 3). The inhibition effect of 
free ICD-85 on primary lamb kidney cells was about 
35% at concentration 60|Jg/ml. ICD-85 NPs were 
found to be less toxic to primary lamb kidney cells 
than free ICD-85. The ICio value at 72 hours was 
increased from 9+2.7 [Jg/ml for free ICD-85 to 
52±4.3 [Jg/ml for ICD-85 NPs. 
Cells treated with free ICD-85 resulted in a 
significant increase in LDH release as compared with 



untreated cells. Although treatment of primary lamb 
kidney cells with free ICD-85 at concentrations of 5 
andlO |Jg/ml did not significantly increase LDH 
release but when it's concentration increased to 20 
|Jg/ml and above, the LDH activity in the cultured 
media increased significantly (P<0.05). In contrast, 
the evaluation of the necrotic effect of ICD-85 NPs 
showed surprising results. LDH determination of 
cultured media of primary lamb kidney cells 
exposed to various concentrations of ICD-85 NPs 
revealed no significant difference between control 
and exposed cells. 

Morphological Alterations 

Morphological analysis of primary lamb kidney 
cells treated and untreated with free ICD-85 and 
ICD-85 NPs are presented in Figure 5. Control cells 
exhibited a typical morphology after 24 hours in 
culture (Figure 5A). In contrast, treated cells with 60 
|Jg/ml of free ICD-85 showed morphological 
changes, including irregular cell membranes and 
slight cytoplasmic granulations (Figure 5B). The 
microscopic examination of treated cells with 60 
|Jg/ml ICD-85 NPs showed no significant alterations 
compared to control cells (Figure 5C). 
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Figure 3. It shows viability of primary lamb kidney cells exposed to free ICD-85 and ICD-85 NPs at 72 hours 
and measured by MTT assay. Viability of untreated cells (0 fJg) was taken as 1 00%. The measurements of the 
treated cells were normalized to the control measurement (1 00%). Results are expressed as mean+SD of three 
independent experiments. *P<0.05 and **P<0.01 were considered to be statistically significant. 



Discussion 

The utility of cancer chemotherapy is limited by 
undesirable toxic side effects to normal cells and 
tissues. These limitations are the result of a lack of 
selectivity to malignant cells [1]. Many clinically 
successful anti-cancer drugs were themselves either 
naturally occurring molecules or have been 
developed from their synthetic analogues [17]. 
Great interest is currently being paid to natural 
products for their interesting anti-cancer activities 
[17-19]. 

ICD-85 used in the present study was a combination 
of 3 peptides isolated partially from two different 
venoms [11, 12]. The combination of these peptides 
used because they work together synergistically 
having anti-proliferative activity along with anti- 
angiogenic activity. Previous studies in our laboratory 
had evaluated the potential cytotoxicity of free and 
NPs forms of ICD-85 on the human cervical 
carcinoma HeLa cells and we found that ICD-85 NPs 
was significantly more potent than free ICD-85 [20]. 
In this study, primary lamb kidney cells were selected 
for in vitro cytotoxic activity of ICD-85 because the 
primary cultured cells represented a useful tool for 
studying toxicity. Moreover, primary cells isolated 
from target tissues are desirable for cytotoxicity 



testing to simulate the in vivo situation more closely 
[21]. 

Natural polysaccharide polymers such as sodium 
alginate have been extensively studied in the recent 
years as a primary material in synthesizing carriers 
for therapeutic protein molecules [22]. In addition, 
sodium alginate was used in drug delivery system 
(producing microsphere, beads, microcapsule and 
tablets) and it showed long time effects and reduced 
side-effects of the drug [23]. Hence, in this study, we 
designed to prepare ICD-85 NPs based on the 
desirable properties of sodium alginate as a carrier 
for ICD-85 delivery system. ICD-85 NPs was 
prepared using ionic gelation method. This method 
offered many advantages such as simple and mild 
preparation without the use of organic solvent or 
ambient temperature [24]. The relatively mild 
gelation process of alginate helped in encapsulation 
of proteins, cells and DNA with retention of full 
biological activity [25]. In this case, carboxylic 
groups on molecular chains of alginate structure can 
be cross-linked by bivalent calcium ions to form 
nanoparticles [26]. The ability of the ionic gelation 
process to form ICD-85 loaded NPs was assessed by 
employing FT-IR to determine ICD-85 and sodium 
alginate NPs interactions. In the sodium alginate NPs 
spectra, the strong and broad peaks in the 3300- 
3450 cm 1 range correspond to O— H stretching and 
intermolecular hydrogen bonding. We can see 
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carboxyl peaks near 1619 crrr 1 (symmetric — COO - 
stretching vibration) and 1401 cnv 1 (asymmetric 
COO" stretching vibration) that are relatively broad 
after interaction with ICD-85. In ICD-85 NPs spectra, 
the peak in the 1619 cm" 1 shifted to 161 1 cm" 1 and 
the relative intensity of this peak was reduced. In 
addition, the peak at 831 cm" 1 disappeared and a 
new broad peak appeared at 625 cm" 1 . 
It has been shown that particle size and size 
distribution are the most important characteristics of 
nanoparticle systems [27]. Currently, the fastest and 
most routine method of determining particle size is 
by DLS [27]. The mean diameter of ICD-85 NPs was 
approximately 320 nm with PDI 0.475, which 
suggested a relatively suitable size distribution 
(PDK0.5). 

The results of MTT assay gave us an indication of 
cytotoxicity of free ICD-85 on primary lamb kidney 
cells with a dose-dependent decrease in the cell 
viability. The ICio value at 72 hours was increased 
from 9±2.7 |Jg/ml for free ICD-85 to 52±4.3 p!g/ml 
for ICD-85 NPs. It is noteworthy that the ICio of ICD- 
85 NPs was about 6-fold higher than free ICD-85. 
The cytotoxic sensitivity of primary lamb kidney cells 
to free ICD-85 and ICD-85 NPs were also evaluated 
using the LDH assay. Lactate dehydrogenase assay 
was used in order to study whether the initial 
cytotoxicity could be due to the cell membrane 
damaging effects of free ICD-85 and ICD-85 NPs or 
not? The release of LDH to culture medium in the 
treated cells indicates the loss of cell membrane 
integrity and therefore it is an indirect method to 



assess the drug-induced cytotoxicity [28]. LDH assay 
showed a dose-dependent manner increase in the 
LDH levels following treatment with increasing 
concentrations of free ICD-85. The rise in LDH level 
following exposure free ICD-85 indicating the 
possibility of increased cell membrane damage at 
concentrations above 20 |Jg/ml (Figure 4). Previous 
studies showed no significant cell damage in normal 
MRC-5 cells treated with ICD-85 at low 
concentrations (5-15 |Jg/ml). However, when 
concentration increased above 20 |Jg/ml, the 
cytotoxic effect of ICD-85 on normal MRC-5 cells 
was evident [11]. This is in accordance with LDH 
assay analysis in the present study that demonstrated 
the necrotic effect of free form of ICD-85 at high 
concentrations. 

Biodegradable polymeric nanoparticles have been 
intensively studied as a possible way to reduce drug 
toxicity and degradation [29]. Lactate 
dehydrogenase determination in cultured media of 
primary lamb kidney cells, treated with various 
concentrations of ICD-85 NPs showed no significant 
rise as compared to untreated cells (Figure 4). These 
results confirmed that ICD-85 NPs had less toxicity to 
primary lamb kidney cells than free ICD-85. 
Morphological studies showed that, primary lamb 
kidney cells did not alter morphologically in the 
presence of ICD-85 NPs, which was an indication of 
safety of ICD-85 NPs (Figure 5C). Morphological 
studies confirmed data of MTT assay obtained by 
comparison of cytotoxic effect induced by free ICD- 
85 and ICD-85 NPs on primary lamb kidney cells. 
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Figure 4. It shows activity of Lactate Dehydrogenase (LDH) after treatment of primary lamb kidney cells in the 
presence and absence (control) of free ICD-85 and ICD-85 NPs for 24 hours. Results are expressed as 
mean+SD of three independent experiments. All the values are compared with values from control (0 |Jg). 
*P<0.05, **P<0.01 and ***P<0.001 were considered to be statistically significant. 
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Figure 5. Morphological alterations of primary lamb kidney cells exposed to free ICD-85 and ICD-85 NPs in 
cell culture medium for 24 hours are presented: A) Micrograph of control cells; B) Primary lamb kidney cells 
treated with 60 |Jg/ml of free ICD-85; C) Primary lamb kidney cells treated with 60 |Jg/ml of ICD-85 NPs. 



When considering the chemotherapy side effects, it is 
very important to verify whether the drug shows a 
harmful effect against normal cells [30]. Clinicians 
know that cytotoxic drugs kill cancer cells, but 
unfortunately, most of the currently used drugs are 
highly toxic to a diversity of normal tissues [31]. For 
example, docetaxel has been shown to be one of the 
chemotherapy drugs for the treatment of a variety 
of cancer. However, the use of docetaxel has been 
limited because of its toxicity to non-malignant cells 
[32]. Thus, a novel formulation of docetaxel with less 
toxicity and better targeting to tumor sites is 
desirable in clinical application and the sustained 
release of formulated docetaxel would be less likely 
to cause systemic toxicity than the continuous systemic 
administration of conventionally formulated 
docetaxel during similar periods of time [33]. 
Numerous investigations have shown that 
nanoparticulate drug delivery systems can increase 
anti-tumor efficacy while reducing systemic side 
effects [34, 35]. Park et al. demonstrated that 
encapsulation of doxorubicin within Poly Lactic-co- 
Glycolic Acid (PLGA) nanoparticles resulted in 
improved safety of the drug and cardiotoxicity was 
significantly reduced by encapsulation in 
nanoparticles [36]. It has been demonstrated in other 
studies that the in vivo toxicity in the various drug 
delivery systems was found to be significantly lower 
than that of a conventional formulation of paclitaxel 
[37, 38]. Hence the present in vitro studies proved 
less cytotoxic effects of ICD-85 NPs compared with 
free ICD-85 on primary lamb kidney cells. 



Conclusion 

Results of this investigation clearly showed 
that sodium alginate can be considered as 
alternative and promising biocompatible polymer to 
be used on development of ICD-85 for least toxicity 
on normal cells. However additional studies are now 
underway to evaluate efficacy and safety of ICD-85 
NPs in cancer and normal cells. 
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